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INTRODUCTION 

The Geophysical I n s t i t u t e  of t h e  U n i v e r s i t y  of Alaska ope ra t ed  a 

m u l t i - f i l t e r  scanning  photometer on board t h e  1969 NASA a u r o r a l  a i r b o r n e  

exped i t ion .  The experiment was d i r e c t e d  towards t h e  a c q u i s i t i o n  of  two 

k inds  of in format ion .  The f i r s t  concerned s t u d i e s  of t h e  enhancement of t h e  

N, 1 N G  system through r e sonan t  s c a t t e r i n g  of s u n l i g h t .  The second concerned 

t h e  h o r i z o n t a l  d i s t r i b u t i o n  w i t h i n  d i s c r e t e  a u r o r a l  forms of t h e  5577 01 

emission r e l a t i v e  t o  t h a t  of t h e  N 1 N G  bands under s u n l i t  and midday c o n d i t i o n s .  
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L i t t l e  d a t a  on s u n l i t  a u r o r a  were ob ta ined  b u t  t h e  o b s e r v a t i o n s  of midday 

a u r o r a  are of s p e c i a l  i n t e r e s t  due t o  t h e  p a u c i t y  of in format ion  a v a i l a b l e  

r ega rd ing  t h e i r  s p e c i a l  c h a r a c t e r i s t i c s ,  r e la t ive  emission h e i g h t  v a r i a t i o n  

and g e n e r a l  h e i g h t  range .  The d a t a  w e r e  acqu i r ed  i n  combination w i t h  ano the r  

experiment u s ing  t h e  same i n s t r u m e n t a t i o n  on t h e  a i r b o r n e  e x p e d i t i o n ,  funded 

under NASA g r a n t  NGR 02-001-058. This  f i n a l  r e p o r t  summarizes t h e  o p e r a t i o n  

and d e s c r i b e s  some of t h e  d a t a  t h a t  were ob ta ined .  Add i t iona l  funding  h a s  

been r eques t ed  and used f o r  con t inu ing  t h e  d a t a  r e d u c t i o n  and a n a l y s i s .  
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Instrumentation 

The proposed experiments required data pertaining to both the spatial 

distribution and temporal variations of several airglow as well as auroral 

emission features. The modifications required to use the existing photometer 

system for these studies were mainly confined to the choice of a suitable 

detector for the near infrared and the signal detection and processing sub- 

systems. From the outset, there was considerable interest in obtaining and 

i 

using an S-25 photocathode photomultiplier tube (PED), which would have 

adequate sensitivity out to at least 9350 A when moderately cooled, as opposed 

to a standard S-l(RCA 7102) PNT detector which would have required liquid 

nitrogen cooling. 

An experimental S-25 PMT was ordered from IT&T(F-4075), with sensitivity 

specifications adequate for the planned observations. Production problems at 

IT&T left the final decision between the S-1 and the S-25 PMT open until early 

September 1969 when a low sensitivity S-25 IT&T (F4085) was delivered on con- 

signment for evaluation. A careful laboratory test bench comparison of the 

S-25 with the S-1 under simulated observational conditions proved that this new 

tube would be adequate for the proposed observational program. Subsequently 

it was integrated into the package and the pulse discrimination electronics 

adjusted accordingly. A second S-25 IT&T PMT, meeting initial specifications, 

arrived at NASA Ames Research Center Moffett Field, California,just after the 

checkout flight and was installed, while the F-4085 was retained as a spare. 

Subsequent operation showed only a little difference in sensitivity between 

the two tubes; however, in lieu of its slightly higher sensitivity as measured 

at the factory, it was used throughout the flights and upon completion of the 

expedition the first tube (F-4085) was returned to IT&T. 
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From a knowledge of the operational characteristics of the basic 

optical system when used at shorter wavelengths for other types of auroral 

and airglow studies, a decision was made to use pulse-counting signal detection 

techniques, 

vational conditions, and also to interface smoothly with the existing analog 

recording instrumentation, the raw pulse data were converted to analog voltage 

levels. These were then passed into four separate amplifiers that resulted in 

four separate decades of signal level which were available simultaneously, 

ranging from 0 - 200 cps to 0 - 200,000 cps. In operation, pulse pile-up 

occured at approximately 40,000 cps. A manual multipole switch placed a load 

resistor chain across the anode of these same four amplifiers if analog de- 

In order to retain flexibility under a variety of possible obser- 

tection were desired over the range of lo-' to 

feature was used successfully for a short period during a day-to-night transi- 

tional flight which occurred during passage from Ft. Churchill to Bodd, Norway. 

amperes full scale. This 

The remaining modifications were minor, ccnsisting for the most part of 

installing a 1" resolution shaft encoder assembly on the optical field of view 

scanning system, reprogramming the filter wheel movement circuitry for positive 

filter identification and stop-motion movement, and general construction for 

aircraft mounting. The full specifications of the instrument follow: 

The filtered photometer system consisted of a single optical system 

whose field of view was spatially scanned in elevation angle through a "60" 

window" of the aircraft and in which narrow band interference filters were 

programed to move sequentially into the optical path, 

Optics: The objective was an achromat with an entrance aperture of 4 .75  inch 

and focal length of 15.6 inch which was followed by a Ross Corrector- 

inserted 11.77 inches behind the objective t o  accommodate 2.8 inch 

diameter interference filters. 
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I n s t a n t a n e o u s  F i e l d  of V i e w :  1 .19 x s t e r a d i a n s  (0,5"  c i r c u l a r )  

E f f e c t i v e  S p a t i a l  Region Viewed: E l e v a t i o n  a n g l e  scans  were made from a 

z e n i t h  a n g l e  of  50" t o  t h e  z e n i t h  p e r p e n d i c u l a r  t o  t h e  l e f t  s i d e  

of  t h e  a i r c r a f t .  

F i e l d  of View-Scanning Rate: 

Mode 1 - s t a t i o n a r y  o r  manual set p o i n t  c o n t r o l  t o  w i t h i n  1" 

accuracy ,  w i t h  a s h a f t  encoder readout  on t h e  o p e r a t o r s  p a n e l  

Mode 2 - motor d r i v e n  w i t h  s e t  p o i n t  speed c o n t r o l  

a. s e t - p o i n t  v a r i a b l e ,  O"/sec t o  450"/sec.  

b .  d i s c r e t e ,  6 :  12': 30: 60; 150; 300: 450"/sec.  

F i l t e r  Wheel: 

Up t o  e i g h t  s e p a r a t e  i n t e r f e r e n c e  f i l t e r s  were mounted on a pro- 

gramable wheel w i t h  a n  access p l a t e  which p e r m i t t e d  changing i n t e r -  

f e r e n c e  f i l t e r s  d u r i n g  f l i g h t  c o n d i t o n s  i f  n e c e s s a r y .  A d i s c r e t e  

e i g h t  l eve l  e l e c t r o n i c  code f o r  p o s i t i v e  f i l t e r  i d e n t i f i c a t i o n  

w a s  d i s p l a y e d  on t h e  f r o n t  p a n e l  f o r  t h e  o p e r a t o r  and recorded  

f o r  a n a l y s i s .  

F i l t e r  Change Rates: 

Mode 1 

manual-pushbutton CW o r  CCW 

Mode 2 

i n t e r n a l  t i m e r  which p e r m i t t e d  observ ing  t i m e  w i t h  a g iven  f i l t e r  

of  1, 10 o r  25 seconds.  

Mode 3 

F i l t e r  change i n i t i a t e d  by p u l s e  d e r i v e d  from e l e v a t i o n  scanning  

o p t i c a l  assembly. 

The minimum t i m e  betweer, f i l t e r s  w a s  0.12 sec. 
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Signa l  Detec t ion :  

P u l s e  count ing  fol lowed by d i g i t a l  t o  analog convers ion  

u s i n g  a s i m p l e  R-C i n t e g r a t o r .  The ou tpu t  of t h e  i n t e g r a t o r  

was f e d  t o  f o u r  separate a m p l i f i e r s  r e s u l t i n g  i n  f o u r  d i s c r e t e  

decades of ou tpu t  s i g n a l  cor responding  t o :  

2 
0 - 2 x 1 0  cps  

3 

4 

5 

0 - 2 x 1 0  cps  

0 - 2 x 10 cps  

0 - 2 x 1 0  cps  

w i t h  a b a s i c  t i m e  cons t an t  of t h e  i n t e g r a t o r  of 180 Hz. 

De tec to r :  

I T & T  F-4075 (S/N 096904)  S-25 photocathode,  

0.2 i n c h  d iameter  e f f e c t i v e  photocathode,  1 6  dynodes, 

ope ra t ed  a t  2100 vdc,  

De tec to r  Cooler :  

Products  f o r  Research model TE-l02S, opera t ed  a t  s e t - p o i n t  of 

-10°C w i t h  s t a b i l i t y  of 0.1"C. 

Recording: 

Analog ou tpu t  s i g n a l s  were recorded  on seven channels  of one of 

t h e  two a v a i l a b l e  NASA CP 100 Ampex 14 t r a c k  r e c o r d e r s .  

These w e r e :  

Channel Data Level 

-10 t o  +10 v o l t s  2 1 0 - 2 x 10 cps 

-10 t o  +10 v o l t s  

-10 t o  +10 v o l t s  

-10 t o  -1-10 v o l t s  

3 

4 

5 

0 - 2 x 10 cps  

3 - 0 - 2 x 10 cps  

4 0 - 2 x 10 cps  

5 Eleva t ion  a n g l e  p o s i t i o n  0 t o  +10 v o l t s  

2 

6 8 l e v e l  f i l t e r  i d e n t i f i c a t i o n  0 t o  +10 v o l t s  

7 I R I G  B t i m e  code ( suppl ied  by NASA) 
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I n  a d d i t i o n ,  a two-channel Sanborn c h a r t  r e c o r d e r  was i n s t a l l e d  i n  t h e  

equipment r ack  w i t h  m u l t i p o l e  d a t a  access  swi t ches ,  so  t h a t  t h e  performance 

of t h e  system could b e  monitored and checked i n  f l i g h t .  

Data Acqu i s i t i on  

The i n i t i a l  f e r r y  f l i g h t  of t h e  exped i t ion  t o  F t .  C h u r c h i l l ,  Canada, occur red  

on Nov. 24 ,  1969 and t h e  r e t u r n  f e r r y  f l i g h t  took p l a c e  on Dec. 18, 1969. 

Table  I i s  a resum6 of t h e  d a t a  f l i g h t s  c a r r i e d  o u t  between those  d a t e s  and 

i n d i c a t e s  t h e  mode of o p e r a t i o n  of t h e  scanning  photometer,  and t h e  v a r i o u s  

wavelengths monitored as a f u n c t i o n  of t i m e  du r ing  each f l i g h t .  

During t h i s  t i m e  i n t e r v a l  t h e  magnet ic  a c t i v i t y  w a s  ve ry  low and no 

p o s s i b i l i t y  f o r  d e t e c t i n g  s u n l i t  au ro ra  occurred  except  on f l i g h t s  1 2  and 13  

a s s o c i a t e d  wi th  t h e  noon c r o s s i n g s  of t h e  a u r o r a l  ova l .  F l i g h t  1 2  o f f e r s  

t h e  b e s t  oppor tun i ty  t o  observe  any s u n l i t  e f f e c t ;  however i t  w i l l  t a k e  a 

d e t a i l e d  a n a l y s i s  t o  de te rmine  i f  any i s  p r e s e n t .  The b a s i c  problem i s  t h a t  

no p a r t i c u l a r  a u r o r a l  form w a s  observed when shadow h e i g h t s  were low. However, 

t h e  h igh  e x c i t a t i o n  of t h e  01 6300 emission observed du r ing  t h i s  f l i g h t  i n d i -  

c a t e s  low energy p a r t i c l e  p r e c i p i t a t i o n  and an a p p r e c i a b l e  energy l o s s  a t  

h igh  a l t i t u d e s  (200 t o  300 km). A s  t h e  shadow h e i g h t  w a s  between 160 and 

300 km f o r  much of t h i s  f l i g h t  some s u n l i t  e f f e c t  may appear  i n  t h e  r a t i o s  

of t h e  v a r i o u s  emiss ions .  Discrete arcs w e r e  observed poleward of t h e  midday 

p a r t  of t h e  a u r o r a l  o v a l  and are  of  p a r t i c u l a r  i n t e r e s t  on f l i g h t  13; however 

they  were no t  s u n l i t .  
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TABLE I: 

Opera t ion  Resume 

1969 F l i g h t  Mode of Opera t ion  T ime  I n t e r v a l  Recording Channel Wavelength 
Date Scanning Zen i th  U.T.  Mode 

UT Tape-Chart 1 2 3 4 5 6 7  8 

Nov. 24 
Nov, 26 

Nov. 27 

Nova 29 
Dec. 3 

Dec. 4 

Dee. 5 

Dec. 7 

Dec, 8 
Dec 11 

Dec. 13  
Dec. 14 
Dec 1 6  

Dee. 18 

1 
2 
3 

4 

5 
6 

7 
8 

9 

10 
11 

12 
13  
14  

15 

J 

J 

J 

J 

J 

J 

i/ 

J 

J 

J 

J 
J 
J 

J 

J 
J 

J 

J 
J 
J 

J 

J 

J 

J 

J 
J 

J 
J 

J 

J 
J 

J 

J 

J 

J 

T e s t  F l i g h t  
0806 1231 
0042 0133 
0133 0239 
0239 0307 
0307 0319 
0319 0437 
0437 0611 
0033 0225 
0225 0230 
0230 0450 
0450 0532 
0225 0620 
0513 0536 
0536 1025 
0450 0930 
0610 0640 
0640 0756 
0756 0850 
0850 1000 
1000 1127 
0515 0600 
0600 0744 
0744 1016 
0745 1245 
1850 2135.  
2135 2230 
0630 1130 
0530 1030 
0120 0203 
0203 0550 
0550 0553 
0553 0804 
0817 0933 
0933 1028 
1028 1426 

J 
J 
4 
J 
J 
J 
J 
J 
J 
J 
J 
4 

J 
J 
J 
J 
J 
J 
J 
J 
J 

J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 

J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 

4278 5893 5577 6300 8630 7250 8345 9350 
4278 7250 4861 6772 8911 8630 8345 9350 

4278 7250 6772 8911 8630 8345 9550 .4861  

4278 7250 6772 8911 8630 8345 9350 4 8 6 1  
4278 7250 6772 8911 8630 8345 9350 4 8 6 1  

4278 7250 6772 '8911 8630 8345 9350 4 8 6 1  

4278 7250 6772 8911 8630 8345 9350 4861 

4278 7250 6772 8911 8630 8345 9350 4861 
4278 7250 6772 8911 8630 8345 9350 4861 

5577 4278 5000 4861 6300 8911 8345 8 6 3 ~  
5577 4278 5000 4861 6300 8911 8345 863C 
5577 4278 5000 4861 6300 8911 8345 863C 

5577 4278 9350 4861 6300 8911 8345 8631 
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Data Reduction 

I n  o r d e r  t o  v e r i f y  t h e  rea l - t ime o b s e r v a t i o n s  of enhanced 6300 01 emission 

d u r i n g  t h e  two midday a u r o r a l  o v a l  f l i g h t s  t h e  z e n i t h  i n t e n s i t i e s  of v a r i o u s  

emiss ions  were s c a l e d  f o r  f l i g h t s  12  and 13. These d a t a  are  p l o t t e d  i n  F i g s .  1 

and 2. F i g u r e  3 i l l u s t r a t e s  t h e  i n t e n s i t y  v a r i a t i o n  and emission r a t i o  varia- 

t i o n  a c r o s s  a d i s c r e t e  arc which w a s  observed s l i g h t l y  poleward of  t h e  statis-  

t i c a l  a u r o r a l  o v a l  on f l i g h t  13. Because of t h e  s t a b i l i t y  of t h i s  arc t h e  

r e l a t ive  i n t e n s i t y  of  t h e  v a r i o u s  emiss ions  can b e  determined t o  s t u d y  t h e  

r e l a t i v e  s p a t i a l  d i s t r i b u t i o n  of t h e  6300 01,5577 01 and 4278 N 2  emiss ions .  

These p r e l i m i n a r y  d a t a  i n d i c a t e  a h i g h  6300 01 t o  5577 01 r a t i o  d u r i n g  

+ 

most of t h e  f l i g h t  and e s p e c i a l l y  on t h e  poleward s i d e  of t h e  s t a t i s t i c a l  o v a l ,  

F u r t h e r  a n a l y s i s  w i l l  b e  needed t o  determine  whether  o r  n o t  t h e  d i s c r e t e  arcs 

have h igh  6300 01 t o  5577 01 r a t i o s ,  as i s  p r e s e n t  i n  t h e  g e n e r a l  background. 

Using a composite of t h e  photometr ic  d a t a  looking  up as i n  F ig .  3 and o t h e r  

photometr ic  and photographic  d a t a  looking  t o  s t a r b o a r d  of t h e  a i r c r a f t  w e  

w i l l  b e  a b l e  t o  estimate t h e  re la t ive  a l t i t u d e  d i s t r i b u t i o n s  o f  t h e  emiss ions  

and i n  t u r n  estimate t h e  a c t u a l  h e i g h t  of  t h e  p a r t i c u l a r  a u r o r a l  form and any 

d i f f e r e n c e s  which may e x i s t  between s i m i l a r  a u r o r a l  forms seen  i n  t h e  evening 

o r  midnight  s e c t o r s  of t h e  a u r o r a l  ova l .  

I n  g e n e r a l  t h e  enhanced 6300 01 emiss ion  i n d i c a t e s  a l a r g e  number ( r e l a -  

t i v e l y )  of low energy (< 1 kev) e l e c t r o n s  s topped a t  h igh  a l t i t u d e s  (> 180 km) 

where t h e  d e a c t i v a t i o n  of t h e  D s t a t e  of a tomic oxygen through c o l l i s i o n s  i s  

minimal. A d i s c u s s i o n  of t h e s e  p r e l i m i n a r y  r e s u l t s  w a s  p r e s e n t e d  a t  t h e  

1 

, Spr ing  1970 AGU meeting (Romick, 1970a).  
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Fur the r  a n a l y s i s  of t h e s e  d a t a  have occurred  under NASA g r a n t  

NGR 02-001-048 and d i s c u s s i o n  of t h e  updated r e s u l t s  was p re sen ted  a t  t h e  

F a l l  1970 AGU meet ing (Romick, 1970b).  The d e t a i l s  of t h a t  a n a l y s i s  w i l l  

appear  i n  t h e  f i n a l  r e p o r t  under t h a t  p a r t i c u l a r  g r a n t .  

Fu tu re  program 

Under t h i s  g r a n t  t h e  i n i t i a l  d a t a  were ob ta ined  and t h e  p re l imina ry  

s t u d i e s  determined t h a t  t h e  d a t a  d i d  c o n t a i n  informat ion  war ran t ing  t h e  need 

f o r  f u r t h e r  funds f o r  t h e  a n a l y s i s  of t h e  d a t a  i n  l i n e  w i t h  t h e  o r i g i n a l  

concepts  of t h e  experiment .  Some a d d i t i o n a l  a n a l y s i s  beyond t h a t  p o s s i b l e  

under t h i s  g r a n t  h a s  been c a r r i e d  ou t  under NASA g r a n t  NGR 02-001-048, and 

a d d i t i o n a l  funds  have a l s o  been r eques t ed .  

of t h e  exped i t ion  w i l l  b e  of  major b e n e f i t  t o  t h e  unders tanding  of  t h e  a u r o r a  

and i n  a c q u i r i n g  u s e f u l  i n fo rma t ion  which could no t  have been ob ta ined  as 

thoroughly any o t h e r  way. Besides  t h e  a c q u i s i t i o n  of d a t a ,  ano the r  u s e f u l  and 

perhaps as s c i e n t i f i c a l l y  worthwhile  an  accomplishment of t h e s e  e x p e d i t i o n s  i s  

t h e  c o l l a b o r a t i o n  and a s s o c i a t i o n  between i n v e s t i g a t o r s  which r e s u l t  from t h e  

assembly of t h e  v a r i o u s  groups from t h e  United S t a t e s ,  Canada and Europe i n  an 

atmosphere conducive t o  t h e  exchange of i d e a s .  

I n  g e n e r a l  w e  f e e l  t h a t  t h e  r e s u l t s  
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